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At the request of NASA Headquarters, two toroidal transformers were
examined for both external and internal microbial contamination. These
components had been estimated by the supplier to contain between 10

and 10° microorganisms per transformer at the time of manufacture.
Preliminary studies revealed a much lower concentration. Of the viable
microorganisms recovered, all (less than 102) were external contamin-
ants, No viable internal contaminants were detected,

Studies on the enumeration of microbial contaminants on surfaces were
continued. Tests were performed to determine the effect of temperature
of the rinse fluid on recovery of naturally-occurring microbial contam-
inants and spores of Bacillus subtilis var. niger from stainless steel
surfaces by ultrasonication.

Three methods of inoculation were employed. One consisted of producing
aerosols of spores of B. subtilis var., niger suspended in ethanol (95%)
and allowing for settling on surfaces within a specially designed chamber.
The others consisted of inoculating the entire surface of a stainless
steel strip with 0.1 ml of either an ethanol or aqueous spore suspension.
Strips exposed to aerosols were air-dried for 2 to 3 hours in a laminar
flow clean bench, The strips inoculated by pipette were air-dried over-
night in a laminar flow clean bench. To test for naturally occurring
airborne microorganisms, strips were exposed to the environment for

4 weeks prior to aesay. Results showed that optimum recovery of inocu-
lated spores was obtained when the temperature of the peptone water was

4 C and the tank solution 25 C. The mean percent recovery and the aver-
age number of spores recovered, with one exception, were higher under
these conditions than with peptone water and the tank solution at 25 C.

In most cases the differences were considered significant (Table 1). 1In
addition, the inoculation method appeared to influence recovery rates.
Spores inoculated onto the strips by pipette were more difficult to re-
move than those inoculated in the form of an aerosol. This occurred

with peptone water at 4 C and 25 C (Table 2). In two experiments concerned
with the removal of naturally-occurring airborne microorganisms from strips
a higher mean number of viable microorganisms was recovered in peptone
water at 25 C than at 4 C. In one experiment the differences were signi-
ficant (Table 3). Studies will be undertaken to determine whether this
difference was due to physical or biological factors.

Studies on the recovery of sublethally-injured microorganisms were
continued. Some investigators have reported higher recoveries of

spores exposed to ethylene oxide (ETO) upon extended incubation. A
series of experiments was performed to determine the extent and signi-
ficance of this phenomenon. As reported earlier, increased recoveries

of B. subtilis var. niger spores exposed to ETO were observed with tryp-
ticase soy agar (TSA) and tryptiéase soy broth (TSB) when the incubation
period was extended from 2 to 5 days. However, no significant inerease
in colony counts or number of tubes showing visible growth occurred after
this period. The total incubation time was 35 days. During this quarter,
spores from three species of bacterfa--B. cereus T, B. subtilis 5320, and
Clostridium roseum--were exposed to 600 mg/L of ETO for varying periods
of time. The length of exposure was designed to kill most but not all of
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the spores. Spores were recovered from stainless steel strips in the
standard manner. The rinse fluid was diluted decimally and portions either
were inoculated into tubes of TSB or plated with TSA, Counts were per-
formed after 1, 2, 3, 4, 7, and 14 days of incubation at 32 C. The results
showed that there was no significant increase in colony counts or in the
number of positive tubes after 3 days (Tables 4, 5, 6, 7, 8, and 9).

Studies were initiated to compare the efficiency of solid and liquid
culture media for recovery of anaerobic spores. Spores of C. roseum were
enumerated by using TSB plus 1.57 agar and TSB. In the latter instance,
five series of multiple tube dilutions were used. A series consisted of
five tubes for each of three decimal dilutions of the stock spore suspen-
sion, Most probable numbers (MPN) for the multiple tube dilutions were
computed from the Standard Methods for the Examination of Water and Waste-
water, American Public Health Association, 1965. For the plate counts,
five replicate pour plates were used. The results (Table 10) showed that
there was no significant difference between the two enumeration systems.
As expected, however, the precision of the plate counts was higher than
that of the multiple tube dilutions., Further studies will be conducted
next quarter in which emphasis will be placed on evaluation of various
types of liquid and solid culture media for recovery of dry-heat-injured
anaerobic spores.

The comparative rates of dry-heat inactivation for spores of mesophilic,
psychrophilic and thermophilic bacteria were determined. Tests were con-
ducted at 125 C in a silicone oil bath. B. subtilis var. niger represented
the mesophile, B. stearothermophilus the thermophile, and a species of the
genus Bacillus obtained from J. Larkin of Washington State University the
psychrophile. TAM medium, supplemented with magnesium sulfate and calcium
chloride was used for sporulation. Spore suspensions were inoculated onto
stainless steel strips and placed under vacuum for 16 hours over silica gel.
The plating media was trypticase soy agar, Incubation was for 48 hours at
32 C and 55 C for the mesophile and thermophile, respectively. The psychro-
phile was incubated for 5 days at 15 C. The mesophile had the most heat-
resistant spore population and the psychrophile the least (Figure 1).
Further studies will be performed using additional straims and, if possible,
similar types of anaerobic spores.

A method was developed for separating maturally-occurring bacterial spores
from soil and clean room dust without the use of culture media. Dry soil
samples were incubated at 55 C fer 2 days, suspended in 957 ethanol, ultra-
sonicated for 60 minutes and filtered through sterile cloth towels. No
fungi or vegetative bacteria were detected after this treatment. Prelimin-
ary tests showed that this naturally-occurring spore population was twice
as resistant to dry heat (oven) as spores of B, subtilis var. niger.
Physical protection of spores by small soil particles did not appear to
account for this resistance. Additional studies will be conducted to deter-
mine 1f the dry heat resistance of naturally-occurring spores changes after
culture on artificial media.
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Personnel from the Phoenix Field Station Section travelled to Cape Kennedy
to provide visual surveillance of Lunar Orbiter 6, Mission 3, from the
time of final microbiological sampling until the aerodynamic shroud was

in place.

An addition to the Sterility Control Laboratory was designed and the floor
plan prepared. Construction cost estimates have been made.

The final draft of a handbook for certification of microbiological control
facilities for spacecraft was prepared and submitted to the Planetary
Quarantine Office., This document, to be designated NPC-~3, provides gen-
eral guidance along with specific instructions and survey forms for those
individuals assigned responsibility for recommending certification of
facilities and personnel involved in the control of microbial contamina-
tion of space hardware.

A vertical laminar flow clean bench was installed in the Phoenix labor-
atory. This bench permits work involving toxic fumes to be conducted in
a bioclean environment and will be used for experimental work on the
recovery of organisms from model plastic systems and small spacecraft
components.

At Cape Kennedy monitoring of microbial contamination was continued in
Hangars AE, AQ, and S, Surveyor sterilization and assembly laboratory,
Surveyor fuel loading room, and in the Lunar Orbiter camera room. A
similar study was initiated in the Lunar Orbiter fuel loading room
(Table 11),

Using the swab-rinse technique, levels of microbial contamination were
determined on the surfaces of Lunar Orbiters 6, 7, and 3 (Table 12), and
on the surface of Surveyor 3, the Surveyor 3 shroud, and the Surveyor 3
adapter (Table 13).

All data pertaining to air and swab sampling collected since the laboratory
began operation were put into a computer, and stored on magnetic tapes.
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